The 60 MHz PMR spectra of 2 -(4-iodophenyl) oxetane, 2-(4-bromophenyl) oxetane, 2-(4-fluorophenyl) oxetane, and 2-(4-chlorophenyl) oxetane have been analysed for the oxetane ring protons and the phenyl protons. In the three first mentioned compounds the spectra show a coupling of 0.46 -0.63 Hz between the benzyl proton and the phenyl protons in ortho position relative to the oxetane ring, the other proton-proton couplings between the oxetane and phenyl parts being zero in the error limits.
Introduction
The PMR investigations of oxetanes (trimethylene oxides) are relatively few. P r i m a s , F r e i , and G ü n -THARD 1 and L i p p e r t and P r i g g e 2 have reported the chemical shift values of oxetane protons. F e rr e t t i 3, and L o z a c h and B r a i l l o n 4 have analyz ed the PM R spectrum of oxetane. The values of the vicinal and geminal proton-proton couplings of 2 ,2 -d2-oxetane have been obtained in the work of L u s t i g and collaborators5. Y a t e s and S z a b o 6 noted the values of the chemical shifts and geminal couplings for 3-substituted-oxetan-3-ols. S a m i t o v and co-workers 7 have considered the configurations and conform ations of 2 -methyloxetane, 2,3-dimethyloxetane and 2-methyl-3-isobutyloxetane using 100 MHz PMR spectra.
in the oxetane parts. The present work contains the analyses of the 60 MHz spectra of the oxetane and phenyl protons in 2 -(4-halophenyl) oxetanes.
E xperim ental M ethods

Materials
The oxetanes were synthetized by the method of S e a r l e s et al. 16 starting from halobenzenes and 3-chloropropionyl chloride. The ketones were reduced with lithium aluminium hydride to alcohols, which were acetylated with acetyl chloride. The acetates were treat ed with hot alkali, giving substituted phenyloxetanes. All ketones and alcohols were purified by crystalliza tion or distillation. The acetates and oxetanes were purified by distillation The PMR spectra show traces of unidentified im purity, the resonances, however, having no disturbing effect on the spectral analysis. All the compounds were dissolved into 10 mole per cent carbon tetrachloride solutions, and a small amount of TMS was added for internal reference.
Recording of Spectra
The spectra of the four oxetane derivatives were re corded at room temperature on a Varian A-60 spectro meter four times in both sweep directions. The spectra were calibrated by producing the TMS sidebands with a Krohn-Hite 4100 push-button oscillator. The values of calibration frequencies were determined as averages of several successive readings of an Advance TC 9 fre quency counter.
The experimental line frequencies used for calculat ing the chemical shifts and couplings by iterative pro cess were taken as averages of six best measurements. The inaccuracy of the experimental line frequencies, caused on one hand by the inaccuracy of the frequency counter, and on the other by the uncertainty in the measurements, can be regarded as + 0 .1 0 Hz or better.
Computer Programs
The theoretical spectra were calculated using pro grams ABCDEIT18, S IX 15, and LAOCN 3 19. The shape of the triplet of the benzyl proton was calculated by the program MUOTO, which uses the Lorentzian line shape function and which has been written in this laboratory. Computations were performed on IBM 360/30 and /50 systems.
Spectral A nalysis
Owing to the chemical shift differences induced by the 2 -substituent, the spectrum of the oxetane protons, whose numbering is given in Fig. 1 The respective triplet of 2-(4-chlorophenyl) oxexane (IV) was obtained using parameters in Table 1 as the A part of an ABCD spin system, in which proton 5 corresponds to D. This treatment is due to the fact that there are no couplings between the phenyl and oxetane protons in compound ( I V ) . d From R e f.14. 
Discussion
Oxetane Protons
The halogen substituent affects primarily the couplings /12 and / 13. The former increases and the latter decreases with growing electronegativity of the substituent (see Table 1 ). However, in 2 -phenylo x eta n e13 J12 is greater and /13 smaller than the respective couplings in 2-(4-iodophenyl) oxetane, al though the electronegativity of hydrogen is smaller than that of iodine. On the contrary, with decreas ing electronegativity o f the substituent, the sum of the trans and cis couplings /12 and / 13, increases: The diagonal couplings /14 and 715 are nearly zero and their error lim its are apparently greater than the probable errors produced by LAOCN 3 given in Table 1 , since the components of the triplet are not included in the iteration.
The geminal couplings /23 and 745 are practically independent of the halogen substituent, and their magnitudes correspond to the values found for oxe tane 3> 4 and 2,2-d 2-oxetane 5. The previous parts of this series have shown that the geminal coupling 723 in methyl-substituted 2 -phenyloxetanes 14 and in 2 -m ethyloxetane15 varies between -10.42 Hz and -1 0 .77 Hz. Instead, the geminal coupling /45 re mains, in the error lim its, equal to the correspond in g coupling in the halogen substituted 2 -phenyloxetanes studied in the present work. Thus the in ductive effect of the 2 -substituent is reduced relative to the distance, having no further effect on the cou pling between the protons 4 and 5, nor on their H -C -H a n g le 20.
The vicinal cis couplings (/24 and / 35) and the trans couplings (/25 and / 34) are practically equal in all the compounds presented in Table 1 .
As to the chemical shifts, the most prominent changes appear in vt . That can be interpreted to be partly due to the differences of the electron density of the benzyl carbon between the substitutions, and partly to the stronger effect of the differences in the anisotropy of the magnetic susceptibility of the phe nyl ring, caused by the substitution, on the benzyl proton than on the other oxetane protons.
We can state that in all the 2 -(4-halophenyl) o xe tanes the oxetane protons resonate at a greater value of the applied magnetic field than the correspond ing protons in 2 -phenyloxetane and, excluding pro ton 2 , at a lower field than the corresponding pro tons in 2 -(4-methylphenyl) oxetane. It is probable that the shieldings of the protons in the oxetane ring in the different halogen substitutions are prin cipally due to the changes in the ring current, caused by halogens. The magnetic anisotropy of the halo gen substituent seems to be a minor factor 21.
Phenyl Protons
The phenyl proton couplings in Table 2 C a s t e l l a n o et al. 25 ' 26 have stated that in m ono substituted benzenes and in N-substituted pyridines the ortho coupling of the substituent-sided protons and the meta coupling between them increases and the para coupling decreases with the growing elec 21 More information concerning the effect of anisotropy may be obtained after analyzing the spectra of 2-(3,4-dichlorophenyl) oxetane and 2-(2,4-dichlorophenyl) oxetane (under investigation in this lab. tronegativity of the substituent. But as for the cou pling in the same compounds corresponding to the coupling J 67 in phenyloxetanes, they have found that it presents a less definite and more scattered behavior.
If the electronegativity of the oxetane group is assumed to correspond to that of chlorine, as the PMR spectrum of 2 -(4-chlorophenyl) oxetane seems to imply, the one of the two meta couplings Jq7 and /so between the protons which are on the side of the more electronegative para substituent is greater. Table 3 . Chemical shift differences a A^x=v^,iof phenyl protons in 2-(4-halophenyl) oxetanes, and chemical shift differences a zl^Y between protons on the side of sub stituents X and Y measured by D i e h l 22 in para-dihalosubstituted benzenes (a In ppm, b -_ /|FC1). Table 3 . These differences are practically equal to the ones measured by D lE H L 22 in para-dihalosubstituted benzenes, in which chlorine is in the same position as oxetane in the compounds that were investigated in the present work.
